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Introduction
As a consequence of China's investment-driven growth pattern during the last decades, the Chinese government aims to foster the economy's productivity and technological capabilities.
China's recent innovation policy seeks to stimulate research activities of national firms in order, first, to sustain long-term economic development and, second, to reduce China's dependency on foreign technology. Increasing patenting activities in China suggest a positive impact of these policy measures. However, critics claim that the enormously raising number of patent applications will have only a small impact on productivity growth unless the quality and commercial relevance of the underlying research is substantially improved (Worldbank 2012 ). We therefore, in this study, analyze the effects of in-house research as well as national and international knowledge sourcing on firm productivity, while also considering the effects of China's innovation policy.
A number of recent studies highlight related questions for the time period until 2005. Li (2011) investigates the impact of in-house R&D and the acquisition of domestic or foreign technology on domestic patent counts for a sample of state-owned high-tech firms. This study finds that absorptive capacity resulting from own in-house R&D is crucial for assimilating foreign technology, but not for taking advantage of domestic technology. Work by Fu and Gong (2011) analyzes the effect of research by national and foreign firms in China on technological upgrading and productivity growth. The authors find that national firms dominate the low to medium-high technology industries, whereas foreign firms dominate high technology industries. Further, R&D investment in state-owned (SOEs), privately-owned (POEs), and collectively owned enterprises has a positive effect on technological capabilities. Xu and Sheng (2012) evaluate the influence of horizontal, forward and backward foreign direct investment (FDI) spillovers on the productivity of national Chinese manufacturing firms. They find negative horizontal and backward spillovers but positive forward effects.
Our study contributes to the literature in three major ways. First, we assess the direct effect of To the best of our knowledge, this is the first study to provide a comprehensive assessment of the effects of knowledge sourcing and innovation policies on the productivity of firm listed in China.
We briefly foreshadow our findings. First, we find a positive effect of in-house R&D on firm productivity. Second, we find that research cooperation with national partners have a positive impact on productivity. With regard to foreign knowledge sources we find that only joint ventures with foreign partners and acquisitions of foreign firms increase firm productivity. Thus, we argue that it is the deep and enduring organizational integration of a foreign knowledge source that enables knowledge transfer in comparison to a rather short term and project-based international research collaboration. Similarly, the employment of foreign inventors living in China positively affects firm performance, while employment of inventors living abroad fails to contribute to productivity. We therefore argue that Chinese firms can only access the tacit knowledge of researchers exposed to foreign knowledge when these inventors are embedded in the local organization.
Regarding effects of the firm environment and policy measures, we find that the geographic proximity of top universities contributes to productivity. A higher industry-specific presence of FDI comes with increased competition that offsets potential horizontal spillovers and thus negatively influences firm productivity. Interestingly, we find that centrally state-owned firms (CSOEs), locally state-owned firms (LSOEs) and POEs all benefit of firm-internal indigenous research but have different competences to generate productivity gains from access to national and foreign sources of knowledge. Finally, regarding the effects of innovation policies such as policy zones or patent subsidies, we find no effect on firm productivity.
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From our findings we draw the following conclusions. Continuous in-house research has a positive effect on productivity for Chinese firms. So far, the accumulated absorptive capacity is sufficient to benefit from national sources of knowledge. Regarding foreign sources of knowledge, a sufficiently deep and enduring organizational integration is a precondition. This finding allows us to draw the following three interesting interpretations: first, the absorptive capacity is not yet sufficiently developed to make use of more complex foreign knowledge which should be accessed through research collaborations. Yet, the absorptive capacity is sufficiently developed when a higher degree of integration is achieved by means of joint ventures and acquisitions. Given such organizational embeddedness, foreign knowledge sources can be accessed. Second, in research collaboration between Chinese and foreign research partners, the latter have developed effective strategies to protect their intellectual property. Therefore, they seek to prevent knowledge transfer and only contribute marginally to the knowledge sourcing of Chinese partners. Third, language and cultural barriers as well as geographic borders increase transaction cost substantially and offset those productivity gains stemming from knowledge exchange. Our finding that foreign inventors residing in China positively contribute to the productivity of Chinese firms supports this since employing foreigners living in China allows Chinese firms to overcome these barriers but still have access to foreign knowledge via the foreign inventor. In the context of joint ventures with foreign partners and acquisitions of foreign firms, this argument is relaxed. Chinese firms with access to these sources of foreign knowledge successfully initiated internationalization strategies and benefit from access to foreign sources of knowledge even if these are not located on Chinese soil.
Due to a limited capacity to utilize foreign knowledge external to the firm, competition effects by FDI still offset horizontal knowledge spillovers in industries with a high presence of foreign firms. For China's innovation policies, we cannot observe any effects on firm productivity. Although not due to innovation policies, we conclude that Chinese national firms are indeed becoming more productive because of increasingly meaningful and ongoing research activities. Further, Chinese firms have learned to benefit from national cooperation and integration of foreign sources of knowledge into the firm's organizational structure. employing inventors in distant countries, working on joint research projects as well as collaborating with suppliers, increases the productivity of firms headquartered in Germany.
The remaining part of the paper is structured as follows. Section 2 provides a literature review, Section 3 explains our empirical method, Section 4 describes the data sources and the sample, Section 5 presents the results, and Section 6 concludes.
Literature Review
China's investment-driven growth pattern during the last decade brought attention to the productivity performance and technological capabilities of its economy (Bradt et . Impressive macro data are mainly statistical artifacts that fail to control for domestic value-added or the quality of domestic inventions and underline the economy's dependence on production and processing activities of foreign firms (Baldwin 2011 , Lall 1998 , Worldbank 2012 . Such activities add to economic growth but do not necessarily contribute to China's economic development (Chang 2009 ).
The trend of China's economic development will depend largely on the sustainability of productivity growth and hence the technological capabilities of national firms. For firms, R&D is a requirement for both, the development of technological capabilities and absorptive capacity.
The firm's level of absorptive capacity is decisive for its ability to access and utilize know- To foster catching-up activities in an emerging country context, the development literature recommends a set of functional and selective policy interventions such as providing incentives for learning, facilitating access to foreign sources of knowledge, and investing into human capital and institutions in order to accumulate scientific and technological knowledge and to make the country more attractive for businesses (Lall 1992 (Li 2012) . Despite increasing application volumes, patenting is likely to have only a small impact on productivity growth unless the quality of research and its commercial relevance is substantially increased (Worldbank 2012 
Method
To analyze how different knowledge sources of research influence the productivity of Chinese firms, a calculation of their total factor productivity (TFP) is required. Specifically, we employ the approach developed by Olley and Pakes (1996) . Using a three-stage algorithm, this approach allows us to control for simultaneity in the input decision and for selection bias due to the exit of firms. We define an exit event as the delisting from the stock exchange. In the standard Cobb-Douglas functional form of the production function, output is explained by labor and capital. The error term of the production function corresponds to the output which is not explained by the determinants capital and labor, i.e. the error term corresponds to the TFP of the firm. In our main analysis we regress TFP on the knowledge sources used by the firm and on the characteristics of the firm's environment and policy variables. 
  
Our main interest is the investigation of how research based on different knowledge sources influences the productivity of firms. We lag all patent variables by one period because it takes time before research results influence productivity. Concerning the patent variables we employ for our analysis, two important methodological aspects need to be noted. First, we measure patent families instead of patents since patent families correspond to the number of inventions protected. If one invention is to be protected in a large geographical territory (i.e., multiple countries), multiple patent applications are being filed for a patent family. That is because the rights awarded by a valid patent can only be enforced in the legislation where the patent is filed. Thus, if a firm seeks to protect an invention globally, a patent family can quickly comprise, for example, five or more patent applications (e.g. for China, US, European Union, Japan, Canada). The number of patents applied for is thus higher than the number of patent families. Therefore, patent families are better to measure firms' inventive efforts compared to pure patent documents. Second, we do not simply count patent families but instead apply a usual 15% annual depreciation rate (Hall et al., 2005; Hall and Oriani, 2006). These so-called patent stocks (or, rather, stocks of patent families) account for the fact that technology becomes obsolete over time. Precisely, the stock of patent families in year t is the patent filings of that year (i.e., the influx to the firm portfolio) plus the stock of patent families in year t-1 depreciated by 15%. The stock of patent families is thus lower compared to the absolute number of patent families in the portfolio. Yet, for simplicity, for the remainder of this paper we use the term patent family and stock of patent families interchangeably. Firms' international IP portfolios needed to be compiled and reconciled with the accounting data. This matching process is not an easy endeavor due to the following reasons: First, spelling errors or systematical abbreviations might occur in the names of the patent owners. Second, accounting data are given on the consolidated level of publicly listed firms. However, in such corporations there are usually dozens (and sometime hundreds) of legal entities that file patents independently. As these legal entities are entirely owned by the publicly listed corporation, the IP rights they filed need to be reconciled across legislations to arrive at coherent IP portfolios. Third, from an international patent legislation point of view, no requirement is given whether a Chinese patent applicant uses its English company name, the Chinese name in Pinyin-format, or a combination of both.
In order to accommodate these challenges and to arrive at consistent international patent portfolios, we choose a semi-manual approach similar to Sandner and Block (2011): for each publicly listed corporation we defined a comprehensive set of name patterns according to the three challenges described above. Applying these patterns to the "universe" of worldwide patent applicants yielded an adequate approach to identify all patent applications filed by a publicly listed corporation. Depending on the format of the company name, several name patterns were constructed: that way, multiple formats of the same name could be considered (e.g., "China International Marine Containers" files patents under this name but also among Chinese provinces for which we had 13,080 observations with non-missing accounting information. Next we exclude 44 observations which have zero investment. Because listed firms tend to be large, requiring positive investment is not a severe restriction for our dataset. We eliminate 121 firms from the financial and the retail sector because patents are of limited importance in these sectors. In order to eliminate outliers, we deleted firm-year observations that exhibit values above the 99th or below the 1st percentile of the output-to-employees-ratio, the output-to-capital-ratio, and the employees-to-capital ratio. Our broad estimation sample, including patenting as well as non-patenting firms, is based on information for 1,903 firms for which we have 11,827 observations. For our main results on firms with at least one patent application we use information on 1,140 firms for which we have 4,877 observations. These firms should be a driver for the technological catch-up of China and it is therefore important to understand how the use of different knowledge sources affects their productivity development. Regarding knowledge sources and joint research activities, the majority of patent families filed rely only on indigenous knowledge of internal nature (mean: 20.14 patent families). These patent families emerge from firms' own research activities. They have only one applicant, namely, the focal firm. Out of the 1,140 firms in our sample, 1,123 relied on this way to conduct research. Patents can be jointly filed by multiple applicants. This situation occurs when, for example, two firms engage in joint research activities and agree that the research results are owned and filed by both firms. The same can obviously be the case when a firm collaborates with a university, research institute, or individual. We argue that such collaborationseither joint patent applications with national or international partners -inform us about knowledge sources of Chinese firms. 237 firms relied on this indigenous but external knowledge source (i.e., national but not firm-internal). These families emerge from patent filings with national co-applicants. 123 firms engaged in joint research with other firms, 16 with a university, 28 with a research institute and 221 together with an individual. Thus, individuals are by far the most important type of domestic co-applicants followed by other firms. The activity with respect to international knowledge sources is more limited. 124 firms conducted research with foreign knowledge sources (involving both, a foreign co-applicant or foreign inventor).
Empirical Analysis

Descriptive Statistics
Internal knowledge sources can be own employees, be it employed locally or in a foreign subsidiary. Thus, 1,127 firms rely on research which can be said to be internal of any source. Foreign external knowledge sources involve foreign co-applicants. Only 49 firms have filed patents together with an international co-applicant. The difference to the previously mentioned foreign knowledge sources is that, here, only foreign co-applicants are regarded but no foreign inventors.
From a legal perspective, applicants are owners of patents. Yet, the engineers and researchers who worked on the invention are listed as inventors on the patent applications. They represent the human capital from which the invention -for which protection is sought for -originates.
As patent applications also list the name of the inventors and their country of residence, we can use this information to assess their ethnic origin and to determine to whose countries' technical knowledge they are exposed to. To do so, we first use the family name of the inven- 3.6% are associated with firms located inside processing zones. China has defined seven strategic industries of advanced technologies. 27.9% observations belong to any one of the industries. Concerning ownership, 18.3% of all firms are centrally-state owned, 35.0% locally state-owned and 46.6% privately owned.
Main Results
We start the analysis by investigating how research associated with patent applications affects TFP for all 1,903 firms in our sample. For this purpose, in Model (1) of Table 2 we include a time variant dummy to control for patenting activities and the stock of patent families together with our standard controls ownership and GDP per capita. We find that the sole activity of patenting negatively impacts TFP, while the size of the patent stock is positively correlated with firm performance. This finding reflects the high initial fixed cost a given firm faces when it decides to protect the results of its research by filing a patent application for the first time.
China's IPR regime is relatively new and, for many firms, patenting did not become routine before 2001. This is reflected by the median of only around four patent families in the portfolio of a patenting firm. However, with an increasing patent stock the firm's total cost for applying for and maintaining a patent decreases while appropriated profits compensate the cost and improve the firm's productivity. This result is confirmed in Model (2) which is, as all following models discussed, restricted to patenting firms. The results show that patent applications reflect the outcome of successful research activities which enhance TFP. Concerning ownership, the results of Model (1) and (2) suggest that, compared to the reference category of CSOEs, LSOEs are not significantly different while POEs have a significantly lower TFP. We will tackle implications from ownership in more depth in robustness checks following later. In order to control for agglomeration effects, we include GDP per capita at the city-and the county-level. Not surprisingly, we confirm that firms located in a region with higher GDP per capita show higher TFP levels.
These results are consistent throughout all nine models. Note that all models include province, year, and industry dummies to control for region-specific, time-specific, and industry-specific differences in productivity.
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The difference in sources of knowledge is crucial. Model (3) provides a separation of a firm's patent stock into three disjunct segments: indigenous firm internal, indigenous firm external and foreign sources of knowledge. Note that these segments, taken together, result in the total patent stock of the firm. The results indicate that the first two segments enhance TFP, but research involving foreign sources of knowledge does not enhance the productivity of Chinese firms significantly. Here, a similar cost-oriented argument like in Model (1) offers an explanation. Language and cultural barriers as well as geographic borders increase transaction cost substantially and offset productivity gains by knowledge exchange. A second possible explanation is that the absorptive capacity of Chinese firms is not advanced enough to make use of more complex foreign knowledge. The third explanation assumes that foreign research partners might have efficient strategies to protect their intellectual property and therefore only contribute marginally to the knowledge sourcing of Chinese firms. 4 We also assess the firm environment and policy context. Interestingly, a nearby top university contributes significantly to productivity (1.41 with p < 0.05), whereas a top research institute does not have a significant effect. The success of top-universities as knowledge sources may be due to their graduates which find employment in the listed firm and constitute a direct knowledge transfer. Further, firms operating in an industry where FDI is encouraged are significantly less productive. Apparently, Chinese national firms in these industries face fierce foreign competition which overcompensate horizontal spillovers from a higher presence of foreign firms. Related to innovation policies, we find that policy zones do not have a significant impact on productivity. Further, except for firms in biotech and next generation IT which have a significantly lower productivity, firms belonging to strategic emerging industries are not significantly more or less productive than the reference category of firms not belonging to the strategic industries. We interpret this finding in the following way. China's government induced technological change towards more advanced technologies and industries so far does not translate in higher productivity of these firms, regardless the preferential treatment and subsidies received.
Frankfurt School of Finance & Management Working Paper 196
Next we explicitly investigate the influence of joint research between Chinese and foreign partners in contrast to firm internal research including both, firm internal indigenous and foreign sources of knowledge. For this purpose, in Model (4) the stock of patent families is decomposed in three disjunct segments: patent families without any co-applicants (i.e., patent families having only one sole applicant), patent families with national co-applicants, and patent families with international co-applicants. The estimation results show that patent families without co-applicants and with national co-applicants increase productivity.
Since national joint research substantially contributes to firm TFP, we seek to investigate possible combinations of cooperation in more detail. By maintaining the previous setup, Model (5) further decomposes firm external indigenous sources of knowledge into joint research with firms, universities, research institutes and individuals. Those patent families with a firm or university as co-applicant have a significant effect on productivity. However, having a research institute or an individual inventor in the research cooperation does not add to productivity. Due to a limited number of observations of firms with international co-applicants, we were unfortunately not able to disaggregate the international research partners into different types. Further, we were also not able to test whether Chinese firms find it easier to absorb foreign knowledge more distant to the global technology frontier because 94% of foreign coapplicants are from developed countries.
In Model (6) we investigate inventor characteristics. Recall that each patent is filed usually by more than one inventor. To proxy human capital-related knowledge sources, we use the national origin of the inventors and their country of residence. Thus, according to our categorization, an inventor can be of Chinese origin or a foreigner and he can live in China or abroad. matter whether they are of Chinese or of foreign origin. We argue that firms cannot absorb external knowledge if researchers are too distant from the own organization. An alternative explanation is that -as also discussed above -Chinese firms still lack a sufficiently high level of absorptive capacity to keep pace with research at the international frontier to which inventors living abroad are usually exposed. Conversely, the origin of an inventor -either Chinese or foreign -does not matter as long as the inventors reside locally in China.
We turn to knowledge sources that are related to organizational structures in Model (7). We Overall, our analysis draws a detailed picture of how successful Chinese firms are able to tap into national and international knowledge sources of various kinds. Because the use of international knowledge sources is a priori more expensive for firms, it can be expected that these activities are only undertaken if the expected rewards are sufficiently high. In this sense it is reasonable to argue that the productivity gains from international knowledge sources are larger than from national sources. However, our analysis also shows a limited absorptive capacity of Chinese firms. Specifically, working in research projects outside an institutionalized context does not seem to allow the firms to benefit from the knowledge to which they are exposed. This is reflected in our finding that, first, conducting research with foreign partners resulting in joint patent applications and, second, of liaising with inventors who reside not in China does not add to productivity. In contrast, the institutionalized external mechanisms (i.e., bility also prevents us from using forward citations as a proxy for patent value, which would have allowed us to scrutinize emerging technology from China in more detail.
Robustness Checks
For the robustness tests, we mainly rely on our main Model (9) and focus on the effect of our three main knowledge variables on firm-level TFP. First, we introduce the number of employees to check for the robustness of our results when accommodated firm size. We find that our results do not change in a notable way. Second, we test if China's patent policies and impro- Third, we split the sample to control for the implications of the three different ownership types. Firms of all ownership types benefit from firm-internal R&D but the effect of a firm having access to firm-external indigenous or foreign sources of knowledge differs substantially.
CSOEs show no effect from access to external indigenous knowledge but benefit from foreign knowledge. In particular, they benefit from joint ventures with foreign partners and from acquiring foreign firms. Because CSOEs, also known as China's national champions, possess advanced internal R&D resources and absorptive capacity, they are less dependent on other indigenous knowledge. This finding is further substantiated by CSOEs' strategy to employ foreign researchers living in China and the positive contribution of their research to firm TFP.
In contrast to LSOEs and POEs, these firms receive sufficient support by the central government to establish joint ventures and acquisitions with foreign firms which positively contribute to CSOE performance.
In contrast to CSOEs, the more nationally oriented LSOEs rely on access to indigenous knowledge in the form of joint research with other Chinese firms or individuals but fall short in translating foreign knowledge into productivity gains. This finding reflects the more regional playing field of LSOEs and the need for cooperation with other firms to achieve competitive research results. Once again differently, POEs face difficulties in translating access to indigenous sources of knowledge into firm performance. Exposed to more severe competition than the state-owned firms, POEs rely on joint research with universities and research institutes. This result is interesting because CSOEs are usually highly protected to and "shielded" from foreign competition in China, while POEs are highly exposed. However, this setting seemingly improved the POEs competitiveness. In contrast, the competitiveness of LSOEs is not sufficient to compensate a lesser degree of local protectionism. These ownership-related robustness checks finally show that the general findings of our research hold -regardless of the ownership type. All firms benefit from firm-internal research but show limitations in the absorptive capacity to benefit from joint research with foreign partners. However, the potential of the firms to absorb indigenous and foreign knowledge given an institutionalized context differs remarkably. CSOEs are most advanced (also due to government support) in their ability to make use of foreign knowledge, followed by POEs. LSOEs are least successful in this point, but foster the cooperation with other national firms. Thus, although POEs seem to be less productive than state-owned firms in Model (9), the more fine grained analysis conducted to prove robustness of our key results revealed that POEs are actually well positioned to benefit from firm external indigenous and international knowledge while relying less on support and protection by the government.
Conclusion
Our study investigates the impact of in-house research as well as national and foreign know- The results of our study do not come without any caveats. To assess firms' R&D activities in detail, we rely on patent data. While patent data allowed us to disentangle various channels of knowledge sourcing, it is valid to argue that patent data does not reveal the entire breadth of firms' R&D activities. Having firm-level details on the research projects conducted would have allowed us to derive even more fine grained results, yet, data of that kind was unfortunately not available to us. Further, the rise of patenting in China only began recently which led us to concentrate on patent applications. However, future research should assess which patent 
Inventive activity
Stock of patent families Stock of invention patent families in a firm's portfolio. All patent families are counted by the year of their earliest priority application. They are accumulated over the time period 1990-2010. We apply an annual depreciation rate of 15%. Data source: PATSTAT October 2011 version.
Knowledge sources
R&D: internal, only indigenous Stock of patent families in a firm's portfolio which only include applications without any co-applicant and without any foreign inventor living in China or abroad.
R&D: indigenous partner Stock of patent families in a firm's portfolio which include at least one co-application with a domestic firm, university, research institute or individual but which exclude any foreign co-applicants or any foreign inventor living in China or abroad employed by the focal firm.
R&D: foreign partner or inventor Stock of patent families in a firm's portfolio which include at least one co-application with a foreign firm, university, research institute or individual or which include any foreign inventor living in China or abroad employed by the focal firm.
R&D: no partner Stock of patent families in a firm's portfolio which only include applications without co-applicant but which may include any Chinese or foreign inventors living in China or abroad employed by the focal firm.
R&D: foreign partner Stock of patent families in a firm's portfolio with at least one coapplication with a foreign firm, university, research institute or individual.
R&D: indigenous partnerfirm
Stock of patent families in a firm's portfolio with at least one coapplication with another domestic firm.
R&D: indigenous partner -university
Stock of patent families in a firm's portfolio with at least one coapplication with a domestic university. 
Control variables
Ownership Time invariant dummy variables controlling for central state, local state or private ownership-status of the firm in 2010. Data source: China Securities Index.
GDP per capita GDP per capita in 100,000 RMB as a proxy to control for city and county-level agglomeration effects. We correct inflation by using a GDP deflation index. We observe GDP per capita annually for 284 cities and counties over the time period 2001-2010. Based on the 4-digit city-level postcode of the firm's headquarter each firm is matched with the closest city or county for which GDP per capita data is available. Data source: China Economic Information Network. 
Control variables not shown in the regression
